Objectives: Describe the use of extracorporeal cardiopulmonary resuscitation as rescue therapy in pediatric patients who experience cardiopulmonary arrest refractory to conventional resuscitation. We report on outcomes and factors associated with survival in children treated with extracorporeal cardiopulmonary resuscitation during cardiopulmonary arrest from the American Heart Association National Registry of CardioPulmonary Resuscitation.
INTRODUCTION
The physician will be able to better select candidates for the use of extracorporeal cardiopulmonary resuscitation (E-CPR).
Cardiac arrest is not rare in pediatric patients, occurring in 2% to 6% of children admitted to a pediatric intensive care unit (1) (2) (3) (4) . Although successful resuscitation to return of spontaneous circulation after inhospital cardiac arrest is achieved in approximately 43% to 67% of pediatric patients, survival to hospital discharge occurs in approximately 25% to 33% of these children (2, (5) (6) (7) (8) . If the patients have prolonged (Ͼ30 mins) conventional CPR, survival to hospital discharge is even lower (9, 10) . Extracorporeal membrane oxygenation (ECMO) is being used as a resuscitation therapy in some pediatric and adult patients who experience cardiopulmonary arrest (CPA) that is refractory to conventional CPR (9, (11) (12) (13) (14) (15) (16) (17) (18) (19) . The American Heart Association has recognized a role for E-CPR (or rescue ECMO) in the 2005 pediatric advanced life support guidelines for CPR and emergency cardiovascular care. These guidelines recommend consideration of E-CPR for inhospital cardiac arrest that is refractory to initial resuscitation efforts when the cause of arrest is reversible or amenable to heart transplantation (20) .
Although once considered an extreme measure, ECMO is increasingly used to provide blood flow and oxygenation to both cardiac and noncardiac patients when resuscitation is unsuccessful. Studies have shown improved outcomes for patients who were otherwise unresponsive to conventional resuscitation efforts and were treated with E-CPR (9, 12, 14 -16, 18, 19) . Prior studies reported 33% to 42% survival to discharge in patients who underwent E-CPR during active chest compressions for CPA (9, 12, 16, 19) . In the most comprehensive review of E-CPR experience to date, Thiagarajan et al reported data from the Extracorporeal Life Support Organization registry, which found 38% survival to discharge in 682 patients who were treated with E-CPR (16) . This report provided greater insight into the types of patients being treated with E-CPR and the factors associated with mortality but was limited by the data present in the Extracorporeal Life Support Organization registry. The Extracorporeal Life Support Organization does not track any assessment of neurologic outcome. The registry does not record resuscitation measures, the presence of invasive monitoring or devices used at the time of the cardiac arrest, or postresuscitation care. The neurologic outcome of these patients was not available through the Extracorporeal Life Support Organization registry, although favorable neurologic outcomes have been demonstrated in prior institution-specific case series reports (9, 10) .
Our objective was to describe the types of pediatric patients treated with E-CPR, to report trends in the use of E-CPR, and to determine factors associated with survival after E-CPR with data abstracted from the American Heart Association National Registry of CardioPulmonary Resuscitation (NRCPR) database. The NRCPR is a large, multicenter database that prospectively and rigorously documents adult and pediatric inhospital cardiac arrest (6 -8, 21-27) . We evaluated whether inhospital mortality after E-CPR use was associated with facility characteristics, patient demographic data, preevent data, and resuscitation event data. We hypothesized that children with preexisting cardiac illness would have improved odds of survival to hospital discharge when compared with those without pre-existing cardiac illness. We further hypothesized that those patients who had a CPA event and maintained a pulse with poor perfusion (i.e., never became pulseless) would have improved odds of survival when compared with patients who became pulseless before being placed on rescue ECMO. Additionally, patients surviving to hospital discharge would have favorable neurologic outcomes. The present study is the first multicenter report on neurologic outcomes after treatment with E-CPR for refractory pediatric inhospital cardiac arrest.
METHODS
Design. The NRCPR is a multicenter registry of inhospital cardiac arrest and resuscitation that uses a standardized form to report patient characteristics and conditions, details of the cardiac arrest event, and processes of care and outcomes. The NRCPR is sponsored by the American Heart Association and is the only national registry of inhospital resuscitation events. Certified data abstractors from participating institutions record information about each CPA from medical charts and submit data to the NRCPR using a standardized form. Data are collected according to standardized Utstein definitions for cardiac arrest (28, 29) . The six major categories of variables collected are facility data, patient demographic data, pre-event data, event data, outcome data, and quality improvement data.
Explicit operational definitions have been generated for every data element. "Facility type" was defined by the participating institution based on the primary patient population. "First documented rhythm" was defined as the first electrocardiographic rhythm documented at the time the patient required chest compressions and for those patients with unwitnessed/unmonitored arrests represents the first rhythm documented at the time a monitor is applied. Pulseless cardiac arrest was defined as cessation of cardiac mechanical activity determined by the absence of a palpable central pulse, unresponsiveness, and apnea. Pneumonia was defined as a documented diagnosis of active pneumonia, in which antibiotics have not yet been started or the pneumonia is still being treated with antibiotics. Renal insufficiency was defined as requiring ongoing dialysis or extracorporeal ultrafiltration therapy; if Ͻ30 kg oliguria (urine output Ͻ1 mL/kg/hr for Ͼ8 hrs) and creatinine Ͼ1 mg/dL within 24 hrs up to the time of the CPA event; or if Ͼ30 kg oliguria (urine output Ͻ0.5 mL/kg/hr for Ͼ8 hrs) and creatinine Ͼ2 mg/dL within 24 hrs up to the time of the CPA event. Septicemia was defined as a documented bloodstream infection in which antibiotics have not yet been started or the infection is still being treated with antibiotics. Metabolic/electrolyte abnormality was defined as any of the following within 4 hrs up to the time of the event: (pediatric) blood glucose Ͻ60 mg/dL, lactate Ͼ2.5 mmol/L, magnesium Ͼ4 mEq/L, arterial pH Ͻ7.3 or Ͼ7.5, potassium Ͻ2. 5 within 4 hrs up to the time of the event: systolic blood pressure less than the fifth percentile for age, less than [70 ϩ 2 ϫ age in years] for age Ͻ10, or mean arterial pressure less than the fifth percentile for age or vasopressor/inotropic requirement after volume expansion (except for dopamine Յ3 g/kg/min).
Each patient is given a unique code and deidentified data are then submitted to a central repository in compliance with the Health Insurance Portability and Accountability Act. The AHA provides oversight for data collection, integrity, analysis, and reporting through staff, a science advisory board, and an executive database steering committee. The NRCPR process for data collection and assimilation has been previously described in detail (6 -8, 21, 22, 24 -27) . Although not required because the NRCPR database is a quality improvement database, the Institutional Review Board for the University of Texas Southwestern Medical Center approved this study.
Inclusion and Exclusion Criteria. Data were analyzed from 285 participating NRCPR hospitals that recorded CPAs of patients who were Ͻ18 yrs of age between January 1, 2000, and December 31, 2007. All patients who were Ͻ18 yrs and experienced cardiopulmonary arrest requiring CPR at participating institutions were eligible for inclusion. A CPA was defined as an arrest that required chest compressions and/or defibrillation. An E-CPR event was defined as a CPA event in which extracorporeal life support was used during active CPR as identified in the database under "nondrug interventions." Extracorporeal life support may have included ECMO or cardiopulmonary bypass. The end of the CPA event began with return of spontaneous circulation defined as the time the patient was placed on extracorporeal life support therapy. Arrest event duration was from the time chest compressions and/or defibrillation began to return of spontaneous circulation. Patients who were placed onto ECMO after return of spontaneous circulation were not included. For patients having multiple E-CPR events, only the index (first) E-CPR event was considered for analysis. One hundred ninety-nine patients meeting all inclusion criteria were identified (Fig. 1) .
Outcome Measures. The prospectively selected primary outcome measure was survival to hospital discharge. Survival to hospital discharge was defined as discharge from the ECMO center to either home or another facility. Neurologic outcome at the time of hospital discharge was a secondary outcome measure. Neurologic outcome was determined by the Pediatric Cerebral Performance Category (PCPC) scale as follows: 1) normal ageappropriate neurodevelopmental function; 2) mild disability; 3) moderate disability; 4) severe disability; 5) coma or vegetative state; and 6) brain death (13, 15) . Neurologic status before the arrest and at discharge was determined by chart review for NRCPR database abstraction. A favorable neurologic outcome was prospectively defined by a discharge PCPC score of 1, 2, or 3 or no change from admission PCPC score (8, 30) . The NRCPR does not require that PCPC scores be recorded for each patient, and thus it is an optional variable that some facilities elect not to report.
In addition to listing specific pre-existing medical conditions, all patients were assigned to one of eight illness categories at the time of entry into the NRCPR database (medicalcardiac, medical-noncardiac, surgical-cardiac, surgical-noncardiac, newborn, trauma, obstetrical, or other). The categories represented in the study population included: medi- cal-cardiac, medical-noncardiac, surgicalcardiac, surgical-noncardiac, and newborn. Each patient is assigned to a single category. Patients were first analyzed by illness category designation and for purposes of this study were then further classified into "cardiac" and "noncardiac" groups. Patients in medicalcardiac and surgical-cardiac illness categories were considered "cardiac" and medicalnoncardiac, surgical-noncardiac, and newborn illness categories were designated "noncardiac." Survival trends were described comparing cardiac and noncardiac patients on a yearly basis. The NRCPR does not define "newborn" but rather allows each facility to designate a newborn by institution-specific criteria. For this study, we have defined a newborn/ neonate as any patient Յ30 days of age.
Statistical Analysis. For patients with Ͼ1 E-CPR event, only the index (first) E-CPR event was included. Facility characteristics, patient demographic data, pre-event data, resuscitation event data, and postresuscitation care data were compared for survivors and nonsurvivors. The Mann-Whitney U test was used for continuous data, and categorical data were compared with the chi-square test. Fisher's exact test was used when expected counts in Ͼ20% of cells were Ͻ5. The associations of factors with inhospital mortality were evaluated by simple logistic regression and multivariate logistic regression. Candidate variables for inclusion in a multivariable logistic regression were chosen from the bivariate analysis, and the criterion for variable selection was set at p Յ .1. A forward-selection procedure was used for entry of variables into the model, and a variable inclusion criterion was set at p Յ .05. Variables containing continuous values were only retained in the model if linearity assumption was met. Variables not meeting the linearity assumption were converted into categorical variables, and those categorical variables were included in the model. Two separate models were developed, one to identify prearrest variables associated with outcome, including demographic factors, and another model to evaluate both prearrest variables and arrest variables associated with outcome. Cochran-Armitage test was used to assess trend analysis of percent survival per year. SAS version 9.1.3 software (SAS Institute, Cary, NC) was used for the analysis. Data are reported as frequency (n) with proportion (%) of median values with interquartile ranges (25th percentile, 75th percentile). Statistical significance was set at probability value Ͻ.05.
RESULTS
From January 1, 2000, to December 31, 2007, there were 5069 pediatric and neonatal patients who had 6288 CPA events requiring CPR. We identified 203 (3.2%) pediatric and neonatal CPA events that met inclusion criteria for E-CPR while being resuscitated for inhospital cardiac arrest. Four patients had two E-CPR events each, leaving 199 index E-CPR events (Fig. 1) .
Trends in E-CPR Use. Trends in the use of E-CPR and survival are seen in Figure 2 . Since 2000, overall E-CPR use increased among both cardiac and noncardiac patients. However, since 2004, there has been a slight decline in the number of cardiac patients and an increase in the number of noncardiac patients using E-CPR. In 2007, cardiac patients accounted for approximately 73% of the total E-CPR patient cohort. Although the use of E-CPR has increased over the last few years, the survival rate has slowly trended downward from 60% in 2002 to 36% in 2007. Despite this, there was no significant change in survival over time based on trend analysis (p ϭ .62).
Prearrest Characteristics of E-CPR Patients. Prearrest characteristics comparing survivors and nonsurvivors after E-CPR are described in Table 1 . Age, weight, gender, age classification (neonate vs. pediatric), race, facility type (pediatric vs. mixed adult/pediatric), event time of day, and event day of week did not vary significantly between survivors and nonsurvivors after E-CPR. Overall, 87 patients (43.7%) survived to hospital discharge. In both survivors and nonsurvivors, respiratory insufficiency, congestive heart failure, and hypotension were the most common pre-existing conditions. The pre-existing conditions of pneumonia, renal insufficiency, and septicemia were associated with an increased risk of mortality. Based on presence at the time of the E-CPR event, there were no survivors of the eight patients with pneumonia (p ϭ .01), two of 12 survived with renal insufficiency (p ϭ .02), and three of 13 survived with septicemia (p ϭ .04). Patients with a cardiac illness category were more likely to survive to hospital discharge than those patients with a noncardiac illness category (p ϭ .009).
Almost all of the patient population had witnessed CPA events (98%) and were being monitored by electrocardiogram and/or pulse oximetry and/or an apnea monitor (99%) at the time of the event. There were no differences between survivors and nonsurvivors based on the mode of discovery of the CPA event. The location of the CPA event and the interventions in place at the time of the CPA event did not vary significantly between
After combining all intensive care unit and operating room locations into one category and comparing it to all nonintensive care unit/operating room locations, there was no difference in survival to hospital discharge. Pre-existing invasive monitoring (presence of an indwelling arterial line) was present in 118 (59%) patients at the time of the arrest event; however, survival did not differ between those patients with invasive arterial monitoring and those without (42% vs. 47%, p ϭ .45).
Arrest Characteristics of E-CPR Patients. Arrest characteristics comparing survivors and nonsurvivors are described in Table 2 . In both survivors and nonsurvivors, arrhythmia and hypotension were the most common immediate precipitating causes of the arrest; metabolic/electrolyte abnormalities were more commonly the immediate factors related to the arrest for patients who subsequently died compared with those who survived to hospital discharge. Survival did not differ based on the first documented rhythm or the state of the pulse during the CPA event (i.e., patients who were pulseless at any time during the arrest event and those who never became pulseless). There was a difference between survivors and nonsurvivors based on the first documented pulseless rhythm with an increased survival in patients with ventricular fibrillation and pulseless ventricular tachycardia compared with asystole and pulseless electrical activity (54% vs. 34%, p ϭ .04). The duration of CPR as a continuous variable and at cut points (Fig. 3) , time interval to CPR, defibrillation data, and epinephrine doses did not vary significantly between survivors and nonsurvivors. Although the median duration of CPR in survivors of 46 mins (range, 28 -68 mins) was less than nonsurvivors at 57 mins (range, 38 -71 mins), it was not associated with improved survival (p ϭ .28). Receiving sodium bicarbonate or tromethamine during the arrest was the only pharmacologic intervention noted to be different in survivors compared with nonsurvivors, with nonsurvivors having a higher likelihood of receiving sodium bicarbonate or tromethamine (p ϭ .02). There were no significant nonpharmacologic interventions that predicted survival to discharge. 
Postarrest Characteristics of E-CPR Patients.
The admission and discharge PCPC score were recorded and available for 59 of the 87 (68%) patients who survived to hospital discharge. Of those survivors with recorded categories, 56 (95%) had favorable neurologic outcomes. Of those patients with favorable outcomes, 37 were functioning normally (PCPC 1), 15 had mild neurologic disability (PCPC 2) and four had moderate disability (PCPC 3). The three patients with unfavorable neurologic outcomes had severe disability (PCPC 4). Overall, 112 patients (56%) did not survive to hospital discharge. Of these patients, 11 (10%) died within the first 24 hrs of being treated with E-CPR. Sixty-one (54%) had "do not attempt resuscitation" orders enacted before death and 67 (60%) died after medical support was voluntarily withdrawn. Twelve (11%) were reported to have met criteria for brain death. Organs were recovered for transplant in five patients (4%).
Multivariate Logistic Regression Models Predicting Survival in E-CPR Patients.
Multivariate logistic regression models predicting survival in E-CPR patients are described in Table 3 . The adjusted odds ratio for inhospital mortality was lower for patients with a cardiac illness category than for patients with a noncardiac illness category in each model. In addition, the pre-existing condition of renal insufficiency was associated with an increased adjusted odds of inhospital mortality in each model. The pre-existing condition of metabolic or electrolyte abnormality was associated with an increased adjusted odds of inhospital mortality after controlling for prearrest factors in model 1 as well as after controlling for both prearrest and arrest variables in model 2. In addition, the pharmacologic intervention of sodium bicarbonate or tromethamine was also associated with an increased adjusted odds of inhospital mortality after controlling for prearrest and arrest variables.
DISCUSSION
In this cohort of neonates and children experiencing cardiopulmonary arrest, E-CPR was used as a resuscitation measure in those who were refractory to conventional resuscitation efforts. After the institution of extracorporeal life support during active chest compressions, 44% of cohort patients survived to hospital discharge and the vast majority of these patients with reported neurologic outcomes had favorable neurologic function. These patients had failed conventional CPR and would likely have died without treatment with E-CPR. Overall survival in this report is similar to the results of other recent studies (9, 12, 14, 16, 19) and supports the use of E-CPR as an adjunct to conventional CPR in select pediatric patients.
As hypothesized, we found that patients with pre-existing cardiac disease, defined as an illness category of cardiacmedical or cardiac-surgical had improved odds of surviving to hospital dis- charge when compared with patients without pre-existing cardiac illness. Of those patients classified in cardiac categories, 48% survived to hospital discharge. These findings are consistent with previous studies that found improved survival in cardiac patients (9, 12, 16, 18, 19) . Specific diagnoses are not known for these patients, but medicalcardiac conditions treated with E-CPR have included cardiomyopathy, myocarditis, and unrepaired congenital cardiac disease. Extracorporeal life support may have provided the time and stabilization these patients required before proceeding to heart transplantation or surgical repair. Patients with primary cardiac disease frequently have diminished cardiopulmonary reserve and may be subject to increased risk of sudden CPA as a result of transient conditions of coronary hypoperfusion or respiratory insufficiency. These patients may have less dysfunction of other organ systems at the time of arrest and therefore may be more likely to survive after treatment with E-CPR.
Although return of circulation is essential for survival from cardiac arrest, meaningful neurologic survival represents the most clinically relevant outcome measure for CPR. To our knowledge, this study is the largest to date to report neurologic outcomes in pediatric patients after E-CPR. The majority of survivors with reported neurologic outcomes had favorable neurologic prognosis at the time of hospital discharge with at least 64% of all survivors having favorable outcomes. Twenty-eight patients had no PCPC score recorded at the time of admission or discharge so their neurologic outcome is unknown. Of those 59 patients with known outcomes, 95% were favorable. These findings are consistent with a previous study that found favorable neurologic outcomes in ten of 11 E-CPR survivors (91%) at follow-up (10) . These data and prior data suggest that of those patients who survive to discharge after E-CPR, the majority have favorable neurologic outcomes (12, 14) .
We hypothesized that those patients who maintained a pulse with poor perfusion (i.e., never became pulseless) would have improved odds of survival when compared with those who became pulseless before treatment with E-CPR. However, survival did not differ based on the first documented rhythm or between patients who were pulseless at any time during the arrest event vs. those who never became pulseless. This E-CPR cohort further confirms prior data that the first documented pulseless rhythm in Figure 3 . Duration of cardiopulmonary resuscitation (CPR) and the number of surviving patients managed with extracorporeal CPR. The duration of CPR was defined as the time from cardiac arrest until the extracorporeal membrane oxygenation pump was started. There was no association with the duration of CPR and survival based on time cut points (p ϭ .12). children is more likely to be asystole or pulseless electrical activity, but ventricular tachycardia and ventricular fibrillation are not rare in pediatric patients with 37.3% of this cohort having a shockable rhythm at some point during the E-CPR event (6, 8) . Interestingly, there was a statistically significant difference between survivors and nonsurvivors based on the first documented pulseless rhythm with increased survival in patients with ventricular fibrillation and pulseless ventricular tachycardia compared with asystole and pulseless electrical activity. A prior NRCPR study of 880 pediatric inhospital pulseless cardiac arrest events also noted a higher survival to discharge in ventricular fibrillation/ ventricular tachycardia compared with asystole or pulseless electrical activity (29.2% vs. 24.6%); however, this did not reach statistical significance (6) .
Acid base and electrolyte abnormalities are commonly seen during and after recovery from cardiac arrest. These include, but are not limited to, metabolic acidosis resulting from lactic acidosis and nonanion gap acidosis usually resulting from renal tubular injury. Metabolic acidosis is often present before arrest as a sign of inadequate oxygen delivery and is further exacerbated by tissue hypoxia and ischemia occurring during the low-flow arrest state (31) . Specific details regarding the metabolic/electrolyte abnormality as documented in the NRCPR database are not known, because this variable can be defined as an abnormality of blood glucose, lactate, magnesium, arterial pH, potassium, or sodium. Consistent with prior reports, our data support that preexisting renal insufficiency and metabolic/electrolyte abnormalities are associated with worse survival to discharge after cardiac arrest. De Mos reported that renal failure in the 24 hrs before cardiac arrest is associated with increased mortality after pediatric intensive care unit cardiac arrest (10) . Similarly, in a study of inhospital pediatric ventricular fibrillation, pre-existing renal insufficiency was associated with decreased survival (8) . In studies of rescue ECMO for pediatric cardiac arrest, nonsurvivors had higher plasma lactate levels (14) and persistent metabolic acidosis despite ECMO being associated with an increased incidence of death (16) .
Sodium bicarbonate or tromethamine is often given during and after cardiac arrest to correct metabolic acidosis, although the usefulness remains controversial. Because severe acid base disturbances may adversely affect cardiac function, it is important to recognize and correct acid base and electrolyte abnormalities promptly in the postarrest state to minimize the risk for arrhythmias, poor cardiac contractility, altered vascular resistance, and ongoing neurologic damage. The use of sodium bicarbonate in adults experiencing out-of-hospital cardiac arrest remains controversial (32) (33) (34) . In a large multicenter trial, earlier and more frequent use of sodium bicarbonate was associated with higher early survival rates and with better long-term outcome suggesting that sodium bicarbonate may be beneficial in some circumstances (33) . Other studies showed no benefit from administration of sodium bicarbonate or calcium during and after cardiac arrest (35) (36) (37) . Consistent with our data, other pediatric studies of inhospital cardiac arrest have associated the administration of sodium bicarbonate with decreased survival to discharge (survival 19% sodium bicarbonate vs. 37% no sodium bicarbonate) (7, 8) .
It is unclear whether survival and acceptable neurologic outcome in patients rescued by E-CPR is dependent on the duration of CPR. Morris et al found no significant difference between survivors and nonsurvivors regarding length of CPR before E-CPR cannulation (9) , and a case report by Kelly et al documented acceptable neurologic outcome in a 4-yrold who sustained cardiac arrest requiring CPR for 176 mins before initiation of ECMO (17) . In addition, Parra et al found no significant difference between CPR duration less than or Ͼ20 mins and survival; however, only a portion of these children received E-CPR (3). In contrast, a recent report by Chen and colleagues on adult inhospital E-CPR documented that significantly more patients survived E-CPR if their CPR duration was Ͻ60 mins. Our data support no difference in survival to discharge based on CPR duration and further support that good neurologic outcome can occur after prolonged CPR rescued with ECMO. Seven of the survivors in this cohort had CPR for Ͼ90 mins with five of the seven having good neurologic outcomes at discharge (PCPC 1 ϭ three patients; PCPC 2 ϭ two patients; PCPC unknown ϭ two). In fact, two patients had CPR for 196 mins and 220 mins with good neurologic outcome.
This study has several important limitations. It has the inherent limitation of a retrospective cohort study. A retrospective study can estimate measures of association and relative risk but cannot determine causality. E-CPR remains a rare occurrence so there are relatively few patients, even in multicenter registries such as the NRCPR. This cohort may lack a sufficient number of subjects to delineate some associations and significant differences among outcome variables, and some variables may include missing data for some subjects. Included in this missing data are the neurologic outcomes for 28 survivors, which may represent a "reporting bias" among patients with neurologic injury. Missing from the analysis are the important postresuscitation factors of temperature and glucose. The NRCPR did not request reporting of these postresuscitation factors until after the release of the 2005 Guidelines, and for this reason, these important factors have Ͼ20% "missing data" and could not be included in the multivariate analysis. Interpretation of the metabolic/electrolyte abnormality data must take into account the broad definition for this variable and that lactate and arterial pH are two of six possible variables that could meet criteria for metabolic/electrolyte abnormality according to the database. Another limitation is the lack of data on ECMO support details such as mode of cannulation and complications associated with ECMO. Like with all multicenter registries, analysis of the data may be limited by the data integrity and validation issues at multiple sites. The rigorous abstractor certification process, uniform data collection, consistent definitions, scientific advisory board reabstraction process, and large sample size were intended to minimize these sources of bias. In addition, the neurologic outcome was determined at hospital discharge with no long-term neurocognitive follow-up. However, previous studies indicate that neurologic status at discharge is not substantially different from status at 6 months and 1 yr postarrest (5, 38 -40) . The designated illness categories make it possible to compare groups, but specific diagnoses might allow more precise comparisons among subjects. It must also be pointed out that much of these data were collected before the 2005 CPR Guidelines being widely adopted, and recent clinical studies have demonstrated an improvement in outcomes resulting from implementation of the new guidelines (41) (42) (43) . Currently, the NRCPR database does not allow for the assessment of the quality of CPR performed. Future studies must ac-count for how differences in quality of CPR might affect outcome. Finally, inclusion of validated severity-of-illness scores in the NRCPR database would allow for more meaningful intergroup comparisons.
CONCLUSIONS
Although once considered an extreme measure, ECMO is increasingly used to provide blood flow and oxygenation to the patient when resuscitation is unsuccessful. Although unable to support the efficacy of E-CPR as a result of the observational, nonrandomized study design, the data do provide associations that may contribute information supportive of the effectiveness in treating select pediatric patients with E-CPR who have sustained CPA refractory to conventional resuscitation measures. The vast majority of survivors in this cohort with reported neurologic outcomes were favorable. Patients with pre-existing cardiac disease were more likely to survive after E-CPR and they continue to represent the majority of reported cases of E-CPR as noted in prior series. The hospital location, presence of invasive monitoring, event time of day, event day of week, and duration of CPR did not affect survival. The data further support that patients with preexisting renal insufficiency and metabolic or electrolyte abnormalities should have careful consideration for the use of E-CPR as a result of increased mortality. When used in appropriate patients, E-CPR should be considered a viable adjunct to conventional resuscitation measures.
The physician will gain the knowledge that E-CPR is a potential therapeutic option for patients with refractory cardiac arrest and that the use of E-CPR appears to produce its maximal beneficial effects in the setting of cardiac arrest from a cardiac etiology.
